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Attorney Docket No. 46342-56241 J 

IN THE UNITED STATES PATENT AND TRADEMARK OFFIC 
APPLICANT: Takashi Ito, et al. 

U.S.S.N. 09/869,901 Art Unit: Not Yet Assigned 

FILED: July 6, 2001 Examiner: Not Yet Assigned 

FOR: PROCESS FOR PRODUCING ACTIVATED PROTEIN 

"CERTIFICATE* OF MAILING 



I hereby certify that this correspondence is, on the date shown below, being deposited with the United States 
Postal Service with sufficient postage as first class mail in an envelope addressed to Assistant Commissioner 
of Patents and Trademarks, Washington, D. C. 2023 1.^_^ 

Dated: September 20, 2001 £hv»M/yr) JlJ-M I 'C A V 

Annemarie Serrecchia / 



Sir: 

PRELIMINARY AMENDMENT 
Please amend the errors in the transmittal papers of the National Phase PCT Patent 
Application, filed in the U. S. Receiving Office, as indicated below. The errors were 
unintentional and clerical in nature and do not involve the introduction of new matter. 



Applicants respectfully request that the following errors be corrected: 



1 . On page 1 of the "Transmittal Letter to the United States Designated/Elected Office 
(DO/EO/US) Concerning a Filing Under 35 U. S. C. 371," (FORM PTO-1390) in the box 
marked "International Application Number", the International Application Number was 
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APPLICANT: Takashi Ito, et al. 
U.S.S.N. 09/869,901 
Page 2 of 3 

incorrectly identified as "PCT/JP99/00024". The correct International Application Number is 

4 

PCT/JP00/00024. 

2. On page 2 of the above-said Form, in the box marked "International Application 
Number", the International Application Number was incorrectly identified as "PCT/JP99/00024". 
The correct International Application Number is PCT/JP00/00024. 

3 . In the "Transmittal Letter to The United States Receiving Office" (FORM PTO- 1 3 82), , 
in the box marked "International Application Number", the International Application Number 
was incorrectly identified as "PCT/JP99/00024". The correct International Application Number 
is PCT/JPOO/00024. 

In support of these corrections, Applicants are enclosing copies of the below-listed PCT 
papers filed during the National Phase Entry (under 35 U. S. C. 371) in the United States 
Designated/Elected Office (DO/EO/US) on July 6, 2001 . The copies enclosed are forms 
PCT/IPEA/416, PCT/ISA/210, PCT/RO/105, PCT/IB/301, PCT/IB/304, PCT/IPEA/408, 
PCT/IB/332, PCT/IB/308 and the first page of the Published PCT Application; all of which 
identify the correct International Application Number as PCT/JPOO/00024. 

REMARKS 

Consideration of this Preliminary Amendment is requested prior to examination of the 
above-captioned application. The amendment introduces no new matter. 



APPLICANT: Takashi Ito, et al. 
U.S.S.N. 09/869,901 
Page 3 of 3 



Early consideration and allowance of the above-captioned application is respectfully 



requested. 




Respectfully submitted, 



Date: 



David G. Conlin (Reg. No. 27026) 
DIKE, BRONSTEIN, ROBERTS & CUSHMAN 
Intellectual Property Practice Group 
EDWARDS & ANGELL, LLP 
P.O. Box 9169 
Boston, MA 02209 
Tel: (617) 439-4444 
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SPECIFICATION 



PROCESS FOR PRODUCING ACTIVATED PROTEIN 



5 



TECHNICAL FIELD 



The present invention relates to process for 
activating a polypeptide through genetic recombinant 
techniques using E. coll, a method for manufacturing an 
10 activated polypeptide of chemokine through genetic 
recombinant techniques using E. coli, and the like. 



the like to produce recombinant proteins (polypeptides), 
but expression with E. coli can result in the formation 
of inclusions and can fail to produce the proper S-S 
bonds, so the expected activity is sometimes not obtained, 
20 even when proteins are obtained. In one method for 
obtaining active proteins using E . coli, a secretory 
signal allows proteins in soluble form to accumulate in 
the periplasmic space, thus giving active proteins (C.N. 
Change et al, Gene, 55, 189-196, (1987)). 



On the other hand, an advantage of expression in the 
form of inclusions with E. coli is that the target 



BACKGROUND ART 



15 



E. coli is most widely used for economic reasons and 



25 
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protein can be obtained in large amounts and with high 
purity in inclusions. However, obtaining the active 
forms from inclusions requires a refolding process 
comprising the solubilization of the inclusions with a 
5 denaturant and the removal of the denaturant (R.H. Pain, 
ed., Folding of Proteins, 245-279 (1995), Schpringer- 
Verlag Tokyo) . The use of a precipitation preventive 
such as urea or arginine hydrochloride and the use of a 
redox buffer in such refolding have been reported to 
10 improve refolding efficiency. However, the conditions 
differ drastically depending on the target protein 
(polypeptide), and in many cases active forms are not 
obtained by general refolding methods. 

15 There is a need to establish a simpler and more 

reliable way of obtaining active forms in the production 
of recombinant proteins (polypeptides) . MPIF-1A23 (WO 
95/17092) has action in suppressing colony formation of 
myeloid stem cells, thus protecting them from 

20 cheraotherapeutic drugs, and is expected to prove 

effective in permitting rapid recovery from leukopenia, 
which is a limiting factor in the administration of anti- 
tumor agents. There is a need to establish a method for 
the inexpensive mass production of active MPIF-1A23 for 

25 when MPIF-1A23 is used in the form of such a drug. 

DISCLOSURE OF THE INVENTION 



3 

As a result of extensive research on efficient ways 
of obtaining the active form of MPIF (myeloid progenitor 
inhibitory factor ) -1A23 , a type of CC chemokine, the 
5 inventors found that such an objective can be achieved by 
treating MPIF-1A23 with copper, calcium, or magnesium. 

That is, the present invention relates to: 

10 (1) A process for activating a purified polypeptide, 

characterized by bringing a purified polypeptide having 
an amino acid sequence that is identical or substantially 
identical to the amino acid sequence represented by SEQ 
ID NO: 1 into contact with copper ions, calcium ions, or 

15 magnesium ions, or a substance providing copper ions, a 
substance providing calcium ions, or a substance 
providing magnesium ions; 

(2) A process according to (1) above, wherein the 
20 substance providing copper ions is copper, copper sulfate, 
copper bromide, copper fluoride, copper oxalate, copper 
chloride, copper formate, copper acetate, or copper 
sulfide; 

25 (3) A process according to (2) above, wherein the 

substance providing copper ions is copper sulfate; 
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(4) A process according to (1) above, wherein the 
substance providing calcium ions is calcium, calcium 
sulfate, calcium acetate, calcium nitrate, calcium 
formate, or calcium chloride; 

(5) A process according to (4) above, wherein the 
substance providing calcium ions is calcium chloride; 

(6) A process according to (1) above, wherein the 
substance providing magnesium ions is magnesium, 
magnesium sulfate, magnesium acetate, magnesium nitrate, 
magnesium formate, or magnesium chloride; 

(7) A process according to (6) above, wherein the 
substance providing the magnesium ion is magnesium 
sulfate ; 

(8) A process according to (1) above, wherein the 
activity of the activated polypeptide is activity in 
suppressing cell differentiation; 

(9) A process for producing an active polypeptide, 
characterized by bringing a purified polypeptide having 
an amino acid sequence that is identical or substantially 
identical to the amino acid sequence represented by SEQ 
ID NO: 1 into contact with copper ions, calcium ions, or 
magnesium ions, or a substance providing copper ions, a 
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substance providing calcium ions, or a substance 
providing magnesium ions; and 

(10) A polypeptide, or an amide thereof, or an ester 
5 thereof, or a salt thereof, which has been activated by 
means of the activating process according to (1) above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 is an elect rophorogram giving the results 

of SDS-PAGE of the MPIF-1A23 prepared in Reference 
Example 2 ; 

Figure 2 shows the levels of activation of MPIF-1A23 
15 treated with copper sulfate in Example 1; 

Figure 3 shows the results obtained in the assay of 
the action of Des-Met MPIF-1A23 in suppressing mouse 
myeloid cell differentiation in Example 2; 

20 

Figure 4 shows the changes in the intracellular 
calcium concentration of Des-Met MPIF-1A23 in Example 2; 
and 
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Figure 5 shows the results obtained in the assay of 
the action of MPIF-1A23 in suppressing mouse myeloid cell 
differentiation in Example 2. 

5 BEST MODE FOR CARRYING OUT THE INVENTION 

Examples of polypeptides used in the activation 
method of the present invention or the method for 
manufacturing active polypeptides (hereinafter sometimes 
10 referred to as the polypeptides of the present invention) 
include polypeptides with an amino acid sequence that is 
identical or substantially identical to the amino acid 
sequence represented by SEQ ID NO: 1. 

15 The polypeptides of the present invention may be 

polypeptides derived from recombinant E. coli or 
synthetic polypeptides. 

Examples of amino acid sequences that are 
20 substantially identical to the amino acid sequence 

represented by SEQ ID NO: 1 include amino acid sequences 
with at least about 80%, preferably at least about 90%, 
and even more preferably at least about 95% homology with 
the amino acid sequence represented by SEQ ID NO: 1. 

25 

Examples of polypeptides with an amino acid sequence 
that is substantially identical to the amino acid 
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sequence represented by SEQ ID NO: 1 preferably include 
polypeptides which have an amino acid sequence 
substantially identical to the amino acid sequence 
represented by SEQ ID NO: 1 and which, as a result of the 
5 activation or production method of the present invention, 
have activity substantially identical to that of 
polypeptides represented by the amino acid sequence of 
SEQ ID NO: 1. 

10 Examples of substantially identical activity include 

activity in suppressing cell differentiation (such as 
suppression of myeloid cell differentiation) . 

Substantially identical activity means activity that 
15 is substantially identical. Accordingly, cell 

differentiation-suppressing activity or the like should 
be the same (such as about 0.01 to 100-fold, preferably 
about 0.5 to 20-fold, and more preferably about 0.5 to 2- 
fold) , although the quantitative elements involved in the 
20 level of such activity or the molecular weight of the 
polypeptides may vary. 

The activity in suppressing cell differentiation 
(such as suppression of myeloid cell differentiation) can 
25 be assayed according to publicly known methods (such as J. 
Exp. Med., 185, 1163-1172 (1997)). 
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Activated polypeptides of the present invention 
indicate polypeptides of the present invention in which, 
in terms of the action in suppressing myeloid cell 
differentiation (particularly the mouse myeloid cell 
5 differentiation-suppressing activity described in the 
examples below) , the dose showing 30% LPP-CFC colony 
forming suppression is 1/5 or less, and preferably 1/20 
or less, compared to that of polypeptides of the present 
invention before activation. 

10 

Examples of polypeptides of the present invention 
include polypeptides having: (1) amino acid seguences 
with one or more (preferably 1 to about 30, more 
preferably 1 to about 10, and even more preferably 

15 several (1 or 2)) amino acid deletions in the amino acid 
seguence represented by SEQ ID NO: 1; (2) amino acid 
sequences with one or more (preferably 1 to about 30, 
more preferably 1 to about 10, and even more preferably 
several (1 or 2)) amino acid additions in the amino acid 

20 sequence represented by SEQ ID NO: 1; (3) amino acid 
sequences with one or more (preferably 1 to about 30, 
more preferably 1 to about 10, and even more preferably 
several (1 or 2)) amino acid substitutions with other 
amino acids in the amino acid sequence represented by SEQ 

25 ID NO: 1; and (4) amino acid sequences in the combination 
with the above. 
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In accordance with the usual procedure for 
designating peptides, the left terminal of the 
polypeptides in the present Specification is referred to 
as the N terminal (amino terminal), and the right 

5 terminal is referred to as the C terminal (carboxyl 

terminal) . The C terminal of polypeptides of the present 
invention, including receptor proteins having the amino 
acid sequence represented by SEQ ID NO: 1, is usually a 
carboxyl group (-COOH) or carboxylate (-COCT) , but the C 

10 terminal may also be an amide (-C0NH 2 ) or ester (-COOR) . 

Examples of R in such esters include Ci_ 6 alkyl 
groups such as methyl, ethyl, n-propyl, isopropyl, or n- 
butyl, C 3 _8 cycloalkyl groups such as cyclopentyl and 

15 cyclohexyl, C 6 -i2 aryl groups such as phenyl and a-naphthyl, 
phenyl-Ci-2 alkyls such as benzyl and phenethyl, or a- 
naphthyl-Ci- 2 alkyls such as benzyl or phenethyl, oc- 
naphthyl-Cx-2 alkyls such as a-naphthylmethyl and other 
such C 7 - 14 aralkyl groups, and pivaloyloxymethyl groups 

20 commonly used as oral esters. 

The polypeptides of the present invention also 
include polypeptides, which have carboxyl or carboxylate 
groups in addition to those in the C terminal, where such 
25 groups are amidated or esterified. • Examples of esters in 
such cases include the aforementioned esters of the 
aforementioned C terminal. 
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The polypeptides of the present invention also 
include conjugated proteins such as those in which the 
amino group of the methionine residue of the N terminal 

5 among the aforementioned polypeptides is protected by a 
protective group (formyl groups, acetyl groups or other 
C 2 -e alkanoyl groups and other such Ci_ 6 acyl groups) ; 
those in which the N terminal side is endogenously 
cleaved, and the glutamyl group that is produced is 

10 pyroglutamated; those in which substituents on the side 
chains of amino acids in the molecule (such as -OH, -SH, 
amino groups, imidazole group, indole groups, and 
guanidino groups) are protected by suitable protective 
groups (such as formyl groups, acetyl groups or other C 2 -e 

15 alkanoyl groups and other such Ci_ 6 acyl groups) ; or what 
are referred to as glycoproteins with sugar chains bonded 
thereto . 



Specific examples of the polypeptides in the present 
20 invention include those with the amino acid sequence 
represented by SEQ ID NO: 1. 



The polypeptides of the present invention may form 
salts. Examples of salts of the polypeptides of the 
25 present invention preferably include pharmaceutical^ 
acceptable salts with acids. Examples of such salts 
include salts with inorganic acids (such as hydrochloric 
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acid, phosphoric acid, hydrobromic acid, and sulfuric 
acid) or with organic acids (such as acetic acid, formic 
acid, propionic acid, fumaric acid, maleic acid, succinic 
acid, tartaric acid, citric acid, malic acid, oxalic acid, 
5 benzoic acid, methanesulf onic acid, benzenesulf onic acid) . 



The process for activating the polypeptides of the 
present invention and the method for manufacturing 
activated polypeptides of the present invention are 
10 described in detail below. 



Means for cloning DNA fully encoding the 
polypeptides of the present invention include 
amplification by PCR using synthetic primer with a 

15 partial base sequence for the polypeptide of the present 
invention, or screening by means of hybridization of DNA 
incorporated into a suitable vector with labeled DNA 
fragments or synthetic DNA encoding part or all of the 
polypeptide of the present invention. The hybridization 

20 may be undertaken in accordance with techniques such as 
that in Molecular Cloning (2 nd ed. J. Sambrook et al. , 
Cold Spring Harbor Lab. Press (1989)). Commercially 
available DNA libraries can be used in accordance with 
the accompanying protocol . 



DNA base sequences can be substituted using a 
publicly known kit such as Mutan™-G (by Takara Shuzo) or 
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Mutan™-K (Takara Shuzo) in accordance with publicly known 
methods, such as the gapped duplex method or the Kunkel 
method, or the modification thereof. 

5 Cloned polypept ide-encoding DNA may be used as such 

or after digestion with suitable restriction enzymes or 
after the addition of linker DNA, depending on the 
purpose. The DNA may have ATG as the translation start 
codon on the 5' terminal side, and TAA, TGA, or TAG as 
10 the translation stop codon on the 3' terminal side. The 
translation start and stop codons can be added using 
suitable synthetic DNA adapters. 



Expression vectors for the polypeptides of the 
15 present invention can be manufactured by (1) exciting 

target DNA fragments from the DNA encoding a polypeptide 
of the present invention, and (2) ligating the DNA 
fragments downstream of a promoter in a suitable 
expression vector. 

20 

Vectors which may be used include pBR322, pBR325, 
pUC12, and pUC13. 



Examples of preferred promoters include the trp 
25 promoter, lac promoter, recA promoter, A,PL promoter', and 
lpp promoter. 
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In addition to the above, expression vectors can 
also include enhancers, splicing signals, polyA signals, 
and selection markers. Examples of selection markers 
include the ampicillin resistance gene (hereinafter 
5 sometimes referred to as Amp r ) , and the neomycin 

resistance gene (G418 resistance, hereinafter sometimes 
referred to as Neo) . 



Transf ormants can be manufactured using such vectors 
10 containing DNA encoding the polypeptides of the present 
invention . 



Cells such as E. coli can be used, for example, as 
the host. 

15 

Specific examples of E. coli (Escherichia coli) 
include E. coli K12-DH1 {Proc. Natl. Acad. Sci. USA), 
60:160 (1968)), JM103 (Nucleic Acids Research, 9:309 
(1981)), JA221 (Journal of Molecular Biology, 120:517 
20 (1978)), HB101 (Journal of Molecular Biology, 41:459 

(1969)), C600 (Genetics, 39:440 (1954)), and MM294 and 
MM294 (DE3) . 



E . coli can be transformed, for example, by a method 
25 such as that in Proc. Natl. Acad. Sci. USA, 69:2110 
(1972) or Gene, 17:107 (1982). 
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When culturing transf ormants with E. coli hosts, 
liquid media are preferred for the culture, and should be 
prepared in such a way as to contain carbon sources, 
nitrogen sources, inorganic material, and other materials 

5 necessary for the growth of the transf ormants . Carbon 
sources include glucose, dextrins, soluble starches, and 
sucrose, and nitrogen sources include inorganic or 
organic substances such as ammonium salts, nitrates, corn 
steep liquor, peptone, casein, meat extract, soybean cake, 

10 and potato extract. Examples of inorganic materials 

include calcium chloride, sodium dihydrogen phosphate, 
and magnesium chloride. Yeast extracts, vitamins, growth 
promoting factors, and the like may also be added. The 
medium pH is preferably about 5 to 8 . 

15 

A preferred media for culturing E. coli is M9 medium 
containing glucose and casamino acid (Miller, Journal of 
Experiments in Molecular Genetics, pp. 431-433, Cold 
Spring Harbor Laboratory, New York (1972)). A chemical 
20 such as 3p-indoleacrylic acid can be added to enhance the 
promoter as needed. 



In cases where the host is E. coli, the culture 
usually takes about 3 to 24 hours at about 15 to 43°C. 
25 The culture can be aerated or stirred as needed. 
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Polypeptides of the present invention can be 
isolated and purified from the aforementioned cultures in 
the following manner, for example. 



5 When polypeptides of the present invention 

are extracted from cultured bacterial cells, the 
bacterial cells are collected by a publicly known method 
following the culture and are suspended in a suitable 
buffer, they are disrupted by ult rasonicat ion , lysozyme 

10 treatment and/or by freezing and thawing, etc., and a 
crude extract of polypeptides is then obtained by 
centrif ugation, filtration or the like. The buffer may 
also contain a protein denaturant such as urea or 
guanidine hydrochloride, or a surfactant such as Triton 

15 X-100™. When the polypeptides of the present invention 
are secreted in the culture, the bacterial cells are 
separated from the supernatant by a publicly known method 
after completion of the culture to collect the 
supernatant . 

20 

The polypeptides contained in the extract or culture 
supernatant obtained in this manner can be purified by a 
suitable combination of publicly known methods of 
isolation and purification. Examples of such publicly 
25 known methods of isolation and purification include 

methods featuring the use of the degree of dissolution 
such as solvent precipitation or salting out; methods 
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making use of differences primarily in molecular weight 
such as dialysis, ultrafiltration, gel filtration, and 
SDS-polyacrylamide gel electrophoresis; methods making 
use of differences in charge such as ion exchange 

5 chromatography; methods making use of specific affinity 
such as affinity chromatography; methods making use of 
hydrophobic differences such as reverse phase HPLC; and 
methods making use of differences in isoelectric point, 
such as isoelectric point electrophoresis and 

10 chromatof ocusing . 

When the polypeptides of the present invention are 
obtained in free form, they can be converted to a salt by 
a publicly known method or a modification thereof. 
15 Alternatively, when they are obtained in the form of a 

salt, they can be converted to free form or another salt 
by a common method or a modification thereof. 

Polypeptides of the present invention produced by 
20 recombinants can be modified as desired through the 

action of suitable protein-modifying enzymes before or 
after purification, or the polypeptides can be partially 
removed. Examples of protein-modifying enzymes include 
trypsin, chymotrypsin, arginylendopept idase , and protein 
25 kinase. 
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The extracted polypeptides can be activated by 
refolding the polypeptides. Refolding can be conducted, 
for example, by publicly known methods described in R.H. 
Pain, ed. , Folding of Proteins, 245-279 (1995), 
5 Schpringer-Verlag Tokyo, or the modifications thereof. 

The peptides can be diluted with buffer containing either 
no, or a low concentration of, extraction agent (such as 
guanidine hydrochloride, urea or similar caotropic 
solubilizers , n-lauryl methyl glycine, SDS or similar 
10 surfactants, etc.) in one or more steps, and refolding 
can be brought about by means of dialysis using 
semipermeable membranes, replacing the buffer through gel 
filtration, or the like. Arginine, polyethylene glycol, 
a neutral surfactant, or the like can be added to prevent 
15 the polypeptides from aggregating in such cases. Air 

oxidation, a redox buffer system, or the like can be used 
for the formation of the polypeptide disulfide bonds. 
Examples of redox buffers include those based on 
glutathione, cysteine, dithiothreitol , 2 -mercaptoethanol , 
20 or cysteamine. 

The polypeptides of the present invention are 
brought into contact with copper ions, calcium ions, or 
magnesium ions, or substances providing copper ions, 
25 substances providing calcium ions, or substances 

providing magnesium ions (1) after the above isolation 
and purification, (2) after the refolding process, (3) at 
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the same time as the refolding process, or (4) after the 
polypeptides have been extracted from the bacterial cells. 
In such cases, the polypeptides may be brought into 
contact simultaneously with two or more of the copper 
5 ions, calcium ions, or magnesium ions, or substances 

providing copper ions, substances providing calcium ions, 
or substances providing magnesium ions. 

As used in the present Specification, "purified 
10 polypeptides of the present invention" include 

polypeptides of the present invention which have been 
purified by the aforementioned methods of isolation and 
purification (purity of at least 50%, preferably at least 
80%, and more preferably at least 90%), as well as crude 
15 extracts obtained from recombinant cells, culture 

supernatant, or partially purified products obtained by 
the aforementioned isolation or purification. 

Copper ions, calcium ions, or magnesium ions, or 
20 substances providing copper ions, substances providing 

calcium ions, or substances providing magnesium ions can 
be added to the extract or refolding buffer, or to both 
the extract and refolding buffer, in order to bring the 
polypeptides into contact with copper, calcium, or 
25 magnesium ions, or substances providing copper ions 

(copper, copper sulfate, copper acetate, copper bromide, 
copper fluoride, copper oxalate, copper chloride, copper 
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formate, or copper nitrate) , substances providing calcium 
ions (such as calcium, calcium sulfate, calcium acetate, 
calcium nitrate, calcium formate, or calcium chloride), 
or substances providing magnesium (such as magnesium, 

5 magnesium sulfate, magnesium acetate, magnesium nitrate, 
magnesium formate, or magnesium chloride) during 
refolding. The pH of the extract is preferably 4 to 10, 
more preferably 6 to 9, and even more preferably 7 to 9. 
The pH of the refolding solution is preferably 3 to 10, 

10 more preferably 3 to 8, and even more preferably 4 to 6. 
In terms of the copper ions, calcium ions, or magnesium 
ions, or substances providing copper ions, substances 
providing calcium ions, or substances providing magnesium 
ions, the concentration is preferably 0.1 to 10000 [iM r 

15 more preferably 1 to 1000 |uM, and even more preferably 1 
to 100 [im, when, for example, copper sulfate, calcium 
chloride, or magnesium sulfate is added to the extract or 
refolding buffer, or to both the extract and refolding 
buffer. The extraction may be carried out at 0 to 37°C for 

20 1 to 96 hours, and the refolding may be carried out at 0 
to 37°C for 1 to 96 hours. 



The polypeptides of the present invention may be 
brought into contact with copper ions, calcium ions, or 
25 magnesium ions, or substances providing copper ions, 
substances providing calcium ions, or substances 
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providing magnesium ions before or after refolding. 
Examples of methods for bringing the polypeptides of the 
present invention into contact with copper, calcium, or 
magnesium ions, or substances providing copper ions 

5 (copper, copper sulfate, copper acetate, copper bromide, 
copper fluoride, copper oxalate, copper chloride, copper 
formate, or copper nitrate) , substances providing calcium 
ions (such as calcium, calcium sulfate, calcium acetate, 
calcium nitrate, calcium formate, or calcium chloride) , 

10 or substances providing magnesium (such as magnesium, 

magnesium sulfate, magnesium acetate, magnesium nitrate, 
magnesium formate, or magnesium chloride) after 
purification include mixing or dissolving the purified 
polypeptides of the invention in a solution containing 

15 copper ions, calcium ions, or magnesium ions, or 

substances providing copper ions, substances providing 
calcium ions, or substances providing magnesium ions 
(such as pyridine solution, acetic acid buffer, Tris 
hydroxymethane buffer, and phosphate buffer) at a protein 

20 (polypeptide) concentration of 0.01 to 50 mg/mL, 

preferably 0.1 to 20 mg/mL, and even more preferably 1 to 
10 mg/mL for 0.1 to 24 hours of activation at 0 to 37°C. 
As for the concentration of copper ions, calcium ions, or 
magnesium ions, or substances providing copper ions, 

25 substances providing calcium ions, or substances 

providing magnesium ions to be added, in the case of 
copper sulfate, for example, it should be 0.01 to 1000 mM, 
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preferably 0.1 to lOOmM, and even more preferably 0.1 to 
10 raM. 

The purified polypeptides of the present invention 
5 can also be brought into contact with copper, calcium, or 
magnesium ions, or substances providing copper ions 
(copper, copper sulfate, copper acetate, copper bromide, 
copper fluoride, copper oxalate, copper chloride, copper 
formate, or copper nitrate), substances providing calcium 

10 ions (such as calcium, calcium sulfate, calcium acetate, 
calcium nitrate, calcium formate, or calcium chloride), 
or substances providing magnesium (such as magnesium, 
magnesium sulfate, magnesium acetate, magnesium nitrate, 
magnesium formate, or magnesium chloride) during the step 

15. for removing the N terminal methionine in accordance with 
the method in EP 0812856, thereby giving activated 
polypeptides of the present invention in which the N 
terminal methionine has been removed. 



20 The polypeptides of the present invention which have 

been activated in the manner described above have action 
in suppressing myeloid stem cell colony formation, thus 
protecting the myeloid stem cells from chemotherapeut ic 
drugs, for example, and can thus be used as a drug or the 

25 like to bring about recovery from leukopenia during the 
administration of anti-tumor agents. 
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The polypeptides of the present invention can be 
used as such drugs in the usual manner. For example, 
they can be orally administered in the form of coated or 
enterically coated tablets, capsules, elixirs, 

5 microcapsules, and the like, and can be parenterally 
administered in the form of injections such as sterile 
solutions with water or other pharmaceut ically acceptable 
liquids, or suspensions. Such preparations can be 
manufactured, for example, by mixing the compounds or 

10 salts in generally recognized unit dose formulations 
along with physiologically acceptable carriers, 
flavorings, excipients, vehicles, antiseptics, 
stabilizers, binders, and the like. The content of the 
active ingredient in such formulations will give a 

15 suitable dose within the indicated range. 

Examples of additives miscible with tablets, 
capsules, and the like include binders such as gelatin, 
corn starch, tragacanth gum, and gum arabic, excipients 

20 such as crystalline cellulose, extenders such as corn 
starch, gelatin, and alginic acid, lubricants such as 
magnesium stearate, sweeteners such as sucrose, lactose, 
and saccharin, and flavors such as peppermint, Akamono 
oil, or cherry. In the case of unit formulations in the 

25 form of capsule preparations, the aforementioned types of 
material can also include a liquid carrier such as a 
lipid. Sterile compositions for injections can be 
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formulated by a common method such as dissolving or 
suspending a naturally produced vegetable oil or the like 
such as sesame oil or coconut oil and the active 
ingredient in a vehicle such as water for injection. 

5 

Examples of aqueous solutions for injection include 
physiological saline, isotonic liquids containing glucose 
or other adjuvants (such as D-sorbitol, D-mannitol, and 
sodium chloride) . Suitable dissolving aids such as 

10 alcohols (such as ethanol), polyalcohols (such as 

propylene glycol and polyethylene glycol), and nonionic 
surfactants (such as Polysorbate 80™ and HCO-50) can also 
be used. Examples of oleaginous solutions include sesame 
oil and soybean oil. Examples of dissolution aids 

15 include benzyl benzoate and benzyl alcohol. 

Buffers (such as phosphate buffers and sodium 
acetate buffers), analgesics (such as benzalkonium 
chloride and procaine hydrochloride), stabilizers (such 
20 as human serum albumin and polyethylene glycol), 

preservatives (such as benzyl alcohol and phenol) , 
antioxidants, and the like can also be blended. 
Injections prepared are usually packaged aseptically in 
suitable ampules. 

25 

The resulting preparation is safe and has low 
toxicity, and can thus be administered, for example, to 
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humans and other mammals {such as mice, rats, guinea pigs, 
rabbits, goats, pigs, cows, cats, dogs, and monkeys). 

The dosage of the polypeptides in the present 
5 invention varies depending on the subject's condition, 

etc. The dosage in the form of an injection, for example, 
for adult patients with cancer (per 60 kg body weight) is 
generally about 0.01 to 30 mg at a time, preferably about 
0.1 to 20 mg, and even more preferably about 0.1 to 10 mg . 
10 The dosage for other mammals can also be calculated in 
terms of 60 kg. 

Abbreviations for bases, amino acids, and the like 
in the Specification and figures are based on the IUPAC- 
15 IUB Commission on Biochemical Nomenclature and on 

abbreviations common in the field. Examples are given 
below. Optical isomers of amino acids are the L form, 
unless otherwise specified. 

20 DNA: deoxyribonucleic acid 



cDNA: complementary deoxyribonucleic acid 



A 



adenine 



T 



thymine 



G 



guanine 
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C 



cytosine 



RNA: ribonucleic acid 



mRNA: messenger ribonucleic acid 
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dATP: deoxyadenosine triphosphate 

dTTP: deoxythymidine triphosphate 

dGTP: deoxyguanidine triphosphate 

dCTP: deoxycyt idine triphosphate 

ATP: adenosine triphosphate 

EDTA: ethyleendiaminetetraacetic acid 

SDS: sodium dodecylsulf ate 

Gly: gylcine 

Ala: alanine 

Val: valine 

Leu: leucine 

lie: isoleucine 

Ser: serine 

Thr: threonine 

Cys : cysteine 

Met: methionine 

Glu: glutamic acid 

Asp: aspartic acid 

Lys : lysine 

Arg: arginine 

His: histidine 

Phe : phenylalanine 

Tyr: tyrosine 

Trp: tryptophan 

Pro: proline 

Asn: asparagine 

Gin: glutamine 
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The following are SEQ ID NOsof the Sequence Listing 
in the present Specification. 

5 [SEQ ID NO: 1] 

The amino acid sequence of MPIF-1A23 in the present 
invention 

10 [SEQ ID NO: 2] 

The base sequence of Primer 1 used in Reference 
Example 1 

15 [SEQ ID NO: 3] 

The base sequence of Primer 2 used in Reference 
Example 1 

20 [SEQ ID NO: 4] 

The base sequence of Primer 3 used in Reference 
Example 1 



25 The E. coli (Escherichia coli) trans formants 

MM294 ( DE3 ) /pTCI Id2 3-MPI Fl obtained in Reference Example 1 
below were deposited with the Deposit No. FERM BP-6582 on 
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November 24, 1998 at the National Institute of Bioscience 
and Human Technology, Agency of Industrial Science and 
Technology, Ministry of International Trade and Industry 
(NIBH) , and the Deposit No. IFO 16212 on October 27, 1998 
5 at the Institute for Fermentation, Osaka (IFO). 

Examples 

Examples and reference examples are given below to 
10 illustrate the present invention in further detail, but 
the scope of the present invention is not limited by 
these examples. Genetic manipulation involving the use 
of E. coli was based on the methods described in 
Molecular Cloning. 

15 

Reference Example 1: Construction of MPIF-1A23 expressing 
strain 

The structural gene of mature MPIF-1 was amplified 
20 by PCR from a human liver cDNA library (Quick-Clone, by 
Clontech) using a primer 1 ( 5 ' -CATATGCGGG T C AC AAAAG A 
TGCAGAGACA GAG: SEQ ID NO: 2) having an Ndel cleavage 
site and start codon adjacent upstream of the structural 
gene and a primer 2 
25 ( 5 ' -CATATGGGACAGATTCCATGCTACTAGTGCTGA : SEQ ID NO: 3) 
having a BamHI cleavage site adjacent downstream of a 
stop codon. The gene thus amplified by PCR was ligated 
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to the pCR2 . 1 vector using a TA original cloning kit (by 
Invitrogen) to prepare pCR2 . 1/MPIF-l . This was 
introduced to E. coli JM109, and trans formants were 
selected using ampicillin resistance and fi-galactosidase 
5 activity as indicators. Transf ormants having 

pCR2 . 1/MPIF-l were cultured, and pCR2 . 1/MPIF-l was 
prepared using a QIAprep8 Miniprep kit (by Qiagen) . 

The structural gene of MPIF-1A23 with 23 amino acids 
10 deleted from the N terminal of mature MPIF-1 was obtained 
by PCR from the pCR2 . 1/MPIF-l . The structural gene of 
MPIF-1A23 was amplified by PCR using primer 2 and a 
primer 3 ( 5 ' -CATATGCGGG T C AC AAAAG A TGCAGAGACA GAG: SEQ ID 
NO: 4) having an Ndel cleavage site and start codon 
15 adjacent upstream of the gene encoding the Asp at 24 of 
mature MPIF-1. The gene thus amplified by PCR was 
ligated to the pCR2 . 1 vector using a TA original cloning 
kit (by Invitrogen) to prepare pCR2 . l/d23-MPI Fl . This 
was introduced to E. coli JM109, and transf ormants were 
20 selected using ampicillin resistance and p-galactosidase 
activity as indicators. Trans formants having pCR2.1/d23- 
MPIF1 were cultured, and pCR2 . l/d23-MPIFl was prepared 
using a QIAprep8 Miniprep kit (by Qiagen) . 

25 Expression plasmids for MPIF-1A23 were constructed 

in the following manner. pBR322 was digested with Ndel, 
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the ends were blunted with T4 DNA polymerase ( DNA 
Blunting kit, by Takara Shuzo) , and pBRdesNde lacking the 
Ndel recognition site was prepared by religation. pET3c 
was digested with Bgl II-EcoRV, approximately 0.26 kbp 

5 fragments were recovered, the ends were blunted with T4 
DNA polymerase, and pBR/T7 desNde was prepared by 
ligation with the Seal fragment of pBRdesNde. 
pBR322desBam lacking the BamHI recognition site of pBR322 
was prepared by site-directed mutagenesis (Quick Change, 

10 by Stratagene) . The Sphl-EcoRV fragment of pBR322desBam 
was ligated with the Sphl-EcoRV fragment of pBR/T7desNde , 
giving the tetracycline resistance expression vector 
pTCII. pCR2 . l/d23-MPIFl was digested with Ndel and BamHI 
for agarose electrophoresis, and the approximately 240 bp 

15 MPIF-1A23 structural gene was recovered using a QIAquick 
Spin Purification Kit (by Qiagen) . The expression vector 
pTCII was digested with Ndel and BamHI for agarose 
electrophoresis, and approximately 4.6 kbp bands were 
similarly recovered. The MPIF-1A23 structural gene was 

20 ligated with the Ndel-BamHI fragment of the pTCII 

expression vector and then incorporated into E. coli 
JM109 for selection of transf ormants by tetracycline 
resistance, and plasmids were again recovered from the 
strain, giving the expression plasmid pTC 1 1 / d.2 3-MPI Fl . 



The pTCII/d23-MPIFl was introduced into E. coli 
MM294(DE3) for selection of trans f ormants by tetracycline 
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resistance, giving the MPIF-1A23 expression line MM294 
(DE3) /pTCIId23-MPIFl . 

Reference Example 2: Culture of MPIF-1A23 

5 

The MPIF-1A23 expression strain MM294 
(DE3) /pTCIId23-MPIFl was cultured for 16 hours at 30°C in 
1 L of LB medium (1% peptone, 0.5% yeast extract, 0.5% 
sodium chloride) containing 10 mg/L tetracycline. The 

10 resulting culture was used to inoculate 50 L fermentation 
tanks containing 20 L primary fermenting medium (1.68% 
sodium monohydrogen phosphate, 0.3% sodium dihydrogen 
phosphate, 0.1% ammonium chloride, 0.05% sodium chloride, 
0.024% magnesium sulfate, 0.02% Nupol LB-625, 0.0005% 

15 thiamine hydrochloride, 1.5% glucose, 1.0% casamino acid, 
1.0% yeast extract) for aerated stirred culture at 200 
rpm, an air flow rate of 16 L/min, and a temperature of 
37°C. When the turbidity of the culture reached about 
1300 Klett units, 5.95 mg/L portions of isopropyl-p-D- 

20 thiogalactopyranoside (IPTG) were added. 0.75% glucose 
was added 24 minutes, 130 minutes, and 200 minutes after 
the IPTG was added, and the culture lasted until 9.5 
hours after the start of culture. The culture broth was 
continuously centrifuged at a rate of about 300 mL/min at 

25 12,000 rpm, giving 620 g of cells. 
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Reference Example 3: Purification of MPIF-1A23 

65 g cells obtained in Reference Example 2 was 
suspended in 65 mL of 0.1 M Tris-HCl (pH 7.5) containing 

5 25 mM EDTA, and the cells were disrupted by continuous 
ultrasonication using a sonifier (by Bronson) . The 
disrupted cell suspension was centrifuged (20 min at 
10,000 rpm) , and the supernatant was discarded to obtain 
inclusions. 130 mL of 0.1 M Tris-HCl (pH 7.5) containing 

10 25 mM EDTA and 3 M guanidine hydrochloride was added to 
the inclusions to lyse them, and the lysate was 
centrifuged (20 min at 10,000 rpm). 1.3 L of 0.1 M 
sodium acetate buffer (pH 4.5) containing 2 mM EDTA and 
0.125 M sodium chloride was added to 130 mL of the 

15 resulting supernatant for refolding overnight at 4°C, 

followed by centrif ugation (20 min at 10,000 rpm) to give 
60 L of supernatant. The resulting supernatant was 
adsorbed at a flow rate of 20 mL/min onto a heparin 
Toyopearl column (2.6 cm x 26 cm, by Tosoh) equilibrated 

20 with 50 mM phosphate buffer (pH 6.0), which was 

extensively washed with the buffer used for equilibration 
and eluted with a 1 M sodium chloride linear gradient at 
rate of 8 mL/min. Fractions containing the MPIF-1A23 
were collected and dialyzed over night at 4°C against 50 

25 mM sodium acetate buffer (pH 5.8) using a dialysis 

membrane for fractions with a molecular weight of 1000, 
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and were added to a TSKgel SP-5PW column (2.15 cm x 15 cm, 
by Tosoh) equilibrated with 50 mM sodium acetate buffer 
(pH 5.8). The TSKgel SP-5PW column to which the MPIF- 
1A23 had been adsorbed was eluted with a 1.5 M sodium 
5 chloride linear gradient. Fractions containing MPIF-1A23 
were collected and concentrated by ultrafiltration using 
Centriprep 3 (fraction molecular weight 3000, by Amicon) . 

The concentrate was applied to gel filtration using 
10 a Sephacryl S100HR column (4.4 cm x 47.3 cm, by Amersham 
Pharmacia Biotech) equilibrated with 50 mM sodium acetate 
buffer (pH 5.8) containing 150 mM sodium chloride, 
resulting in 149 mg of purified MPIF-1A23 product. 
Figure 1 shows the results of SDS-PAGE of the resulting 
15 MPIF-1A23. The purified MPIF-1A23 was hydrolyzed in the 
vapor phase for 24 and 48 hours at 110°C with 6 N 
hydrochloric acid containing 4% thioglycolic acid, and 
the amino acid composition was sequenced using an amino 
acid sequencer (Hitachi L-85.00A Amino Acid Analyzer) . As 
20 shown in Table 1, the results were consistent with the 
amino acid composition deduced from the cDNA base 
sequence . 

Table 1: amino acid composition of MPIF-1A23 
25 prepared in Reference Example 3 
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Ami no 


MPIF— 1A23 


Measured 




Theoretical value 




Asx 


7 


6 . 8 


Thr 


6 


6 . 0 


Ser 


8 


7 . 4 


Glx 


5 


5 . 0 


Pro 


4 


3 . 8 


Gly 


2 


2 . 0 


Ala 


3 


3 . 0 


Val 


3 


2 . 8 


Met 


3 


2 . 9 


lie 


4 


3 . 7 


Leu 


5 


5 . 1 


Tyr 


2 


2 . 0 


Phe 


2 


2 . 0 


Lys 


7 


6.7 


His 


1 


1 . 0 


Arg 


7 


6.9 



Ser and Thr extrapolated at 0 hr 
Others are mean at 24 and 48 hr 



The N terminal amino acid sequence was sequenced 
5 using a vapor phase protein sequencer (Applied Biosystems 
model 477A) . As shown in Table 2, the results were 
consistent with the amino acid composition deduced from 
the cDNA base sequence. 
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Table 2: N terminal amino acid composition of MPIF- 
1A23 prepared in Reference Example 3 



Residue No. 


Detected PTH* 
amino acids 
(pmol ) 


Sequence of MPIF- 
1A2 3 


1 


Met (426) 


Met 


2 


Asp (379) 


Asp 


3 


Arg (209) 


Arg 


4 


Phe (340) 


Phe 


5 


His (121) 


His 


6 


Ala (284) 


Ala 


7 


Thr (117) 


Thr 


8 


Ser ( 78) 


Ser 


9 


Ala (144) 


Ala 


10 


Asp ( 84) 


Asp 



PTH*: analyzed using 1 nraol phenyl thiohidantoin 



Example 1: Activation of inactive MPIF-1A23 by treatment 
with copper sulfate 

The MPIF-1A23 obtained Reference Example 3 was added 
10 to a concentration of 0.5 mg/mL in 1.0 M pyridine buffer 
(pH 5.9) containing 0.1, 0.5, 1, 5, and 10 mM copper 
sulfate for 1 hour of treatment at room temperature. The 
buffer was then replaced by means of a NAP-5 column 
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(Amersham Pharmacia Biotech) equilibrated with 50 mM 
sodium acetate buffer (pH 5.8) containing 150 mM sodium 
chloride. The action of MPIF-1A23 in suppressing mouse 
myeloid cell differentiation before and after activation 

5 was assayed in the following manner. 5 to 12 week old 
female C57BL/6 mice were asphyxiated using dry ice, and 
the femur was excised and flushed with 10% FBS-IMDM using 
a 25 G syringe to extract the myeloid cells from the 
marrow. The myeloid cell suspension was carefully 

10 layered in 15 mL centrifuge tubes containing 4 mL 
Histopack 1119, and the cells were collected after 
centrif ugation (30 min, 750 g). Cells in the 
intermediate layer were collected, washed twice with 10% 
FBS-IMDM, suspended in 10 mL of 10% FBS-IMDM, and used to 

15 inoculate Petri dishes (10 cm in diameter) for 2 hours of 
cell culture at 37°C and 5% C0 2 . Petri dishes to which 
cells other than myeloid cells had adhered were carefully 
shaken, the culture was transferred to a centrifuge tube, 
and the cells were collected by centrif ugation (5 min at 

20 1000 rpm) . Cells were suspended to a concentration of 

44,000 cells/mL in 10% FBS-IMDM, and were cultured for 7 
days at 37°C, 5% C0 2 , and 7% 0 2 in complete methyl 
cellulose Methocult (by Veritas) containing 2.5 ng/mL 
mouse IL-la (by Genezyme), 2.5 ng/mL mouse IL-3 (by 

25 Upstate Biotechnology) , 10 ng/mL mouse SCF (by Genezyme) , 
10 ng/mL human M-CSF (by Genezyme), and MPIF-1A23. Each 
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well was examined by microscope after the culture to 
count the number of LPP in wells, where a colony diameter 
under 0.5 mm was regarded as LPP-CFC. The rate at which 
colony formation was inhabited with the addition of MPIF- 

5 1A23 is given in percentages, where 100% is the LPP-CFC 
colony number when no MPIF-1A23 was added. The results 
are shown in Figure 2. LPP-CFC colony formation was 
inhibited -1% with 0.1 ng/raL MPIF-1A23 obtained in 
Reference Example 3, and 22% with 1.0 ng/raL, indicating 

10 virtually no suppression of colony formation, whereas 
maximum activity was found with 1 raM copper sulfate, 
resulting in 44% suppression of LPP-CFC colony formation 
with 0.1 ng/mL and 52% suppression with 1 ng/mL. 

15 Example 2: Activation of inactive MPIF-1A23 by removing N 
terminal amino acids 

25 mg of the MPIF-1A23 obtained in Reference Example 
3 was added to 2 5 mL of 1.0 M pyridine buffer (pH 5.9) 

20 containing 0.15 M glyoxylic acid and 5 raM copper sulfate 
for 1 hour of treatment at room temperature, and the 
buffer was then replaced by means of a Sephadex G-25 
column (3.2 x 45 cm, Amersham Pharmacia Biotech) 
equilibrated with 50 mM sodium acetate buffer <pH 5.8) 

25 containing 150 mM sodium chloride. 2 M sodium acetate, 2 
M formic acid, and 40 mM phenylene-1 , 2-diamine were added 
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to 60 mL of the Sephadex G-25 eluate, and a reaction was 
brought about for 15 hours at 37°C. After completion of 
the reaction, the reaction solution was concentrated to 
about 50 mL using a YM-3 ultrafiltration membrane (by 

5 Amicon) , and the buffer was replaced by means of a 

Sephadex G-25 column (3.2 x 45 cm, Amersham Pharmacia 
Biotech) equilibrated with 50 mM sodium acetate buffer 
(pH 5.8) containing 150 mM sodium chloride. 60 mL of the 
Sephadex G-25 eluate was adsorbed to a TSKgel CM-5PW 

10 column (2.15 x 15 cm, by Tosoh) equilibrated with 50 mM 
sodium acetate buffer (pH 5.8) containing 150 mM sodium 
chloride, and was eluted with a 1.5 M sodium chloride 
linear gradient. Fractions containing MPIF-1A23 were 
collected and concentrated by ultrafiltration to a 

15 concentration of about 3 mL using a Centriprep 3 
(fraction molecular weight 3000, by Amicon). The 
concentrate was applied to gel filtration on a Hi-Load 
16/60 Superdex 75 column (2.6 cm x 60 cm, Amersham 
Pharmacia Biotech) equilibrated with 50 mM sodium acetate 

20 buffer (pH 5.8) containing 150 mM sodium chloride, giving 
8.5 mg of purified MPIF-1A23 (Des-Met MPIF-1A23) lacking 
the N terminal methionine. The resulting purified Des- 
Met MPIF-1A23 was hydrolyzed in the vapor phase for 24 
and 48 hours at 110°C with 6 N hydrochloric acid 

25 containing 4% thioglycolic acid, and the amino acid 

composition was sequenced using an amino acid sequencer 
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(Hitachi L-8500A Amino Acid Sequencer) . As shown in 
Table 3, the results were consistent with the amino acid 
composition deduced from the cDNA base sequence. 

5 Table 3: amino acid composition of Des-Met MPIF-1A23 

prepared in Example 2 



Amino 


MPIF-1A23 


Measured 


acid 


Theoretical value 




Asx 


7 


7 . 2 


Thr 


6 


5 . 4 


Ser 


8 


8 . 3 


Glx 


5 


5 . 0 


Pro 


4 


3 . 8 


Gly 


2 


2 . 1 


Ala 


3 


2.9 


Val 


3 


3.0 


Met 


3 


2 . 0 


He 


4 


3.7 


Leu 


5 


5 . 2 


Tyr 


2 


2.0 


Phe 


4 


3.9 


Lys 


7 


6. 9 


His 


1 


1 . 1 


Arg 


7 


6.8 



Ser and Thr extrapolated at 0 hr 
Others are mean at 24 and 48 hr 
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The N terminal amino acid sequence was then 
sequenced using a vapor phase protein sequencer (Applied 
Biosystems model 477A). As shown in Table 4, the results 
5 were consistent with the amino acid composition deduced 
from the cDNA base sequence. 

Table 4: N terminal amino acid composition of Des- 
Met MPIF-1A23 prepared in Example 2 

10 



Residue No. 


Detected PTH* 
amino acids 
(pmol ) 


Sequence of MPIF- 
1A2 3 


1 


Asp (272) 


Met 


2 


Arg (238) 


Asp 


3 


Phe (390) 


Arg 


4 


His ( 81) 


Phe 


5 


Ala (193) 


His 


6 


Thr ( 71) 


Ala 


7 


Ser ( 49) 


Thr 


8 


Ala ( 55) 


Ser 


9 


Asp ( 51) 


Ala 


10 




Asp 



PTH* : analyzed using 1 nmol phenyl thiohidantoin 



Both analyses confirmed 
methionine had been removed. 



that the N terminal 
Figure 3 gives the 



results 
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obtained in the assay of the suppression of mouse myeloid 
cell differentiation. The Des-Met MPIF-1A23 prepared by 
the above method showed higher activity than the 
unactivated MPIF-1A23 obtained in Reference Example 3. 

5 

The intracellular recruitment of calcium ions was 
assayed in the following manner. THP-1 cells (ATCC, TIB- 
202) were suspended to a concentration of 5 x 10 6 cells/mL 
in MG buffer (modified Gey's Buffer) containing 1 mM 
10 calcium chloride, the fluorescence indicator Fura PE3/AM 
(Wako Pure Chemicals) was added to a concentration of 2 
jjM , and the suspension was maintained for 30 minutes at 
37°C. The cells were washed with MB buffer, then 
suspended to a concentration of 2.5 x 10 6 cells/mL in MG 
15 buffer containing 1 mM calcium chloride, and aliquoted in 
100 portions into 96-well plates. The MPIF-1A23 

obtained in Reference Example 3 and the Des-Met MPIF-1A23 
obtained above were added to the well, and the changes in 
the intracellular calcium ion concentration were measured 
20 using a fluorescence drug screening system (Hamamatsu 

Photonics) . The results are given in Figure 4. The Des- 
Met MPIF-1A23 obtained above had higher activity than the 
unactivated MPIF-1A23 obtained in Reference Example 3. 



25 Example 3 
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The MPIF-1A23 obtained in Reference Example 3 was 
added to a concentration of 0.5 mg/mL in 50 mM sodium 
acetate buffer (pH 5.8) containing 1 mM copper sulfate, 
calcium chloride, or magnesium sulfate for 1 hour of 

5 treatment at room temperature, and the buffer was then 
replaced by means of a NAP-5 column (Amersham Pharmacia 
Biotech) equilibrated with 50 mM sodium acetate buffer 
(pH 5.8) containing 150 mM sodium chloride. The activity 
of MPIF-1A23 in suppressing mouse myeloid cell 

10 differentiation before and after activation was assayed 
in accordance with the method described in Example 1. 
All levels of activity were higher than that of the 
unactivated MPIF-1A23 obtained in Reference Example 3 
( Figure 5 ) . 

15 

INDUSTRIAL APPLICABILITY 

The methods for activation or manufacturing of the 
present invention enable the inexpensive mass production 
20 of active MPIF-1A23 which protects myeloid stem cells 
from chemotherapeut ic drugs and permits rapid recovery 
from leukopenia, which is a limiting factor in the 
administration of anti-tumor agents. 



42 

CLAIMS 

1. A process for activating a purified polypeptide, 
characterized by bringing a purified polypeptide having 

5 an amino acid sequence identical or substantially 

identical to the amino acid sequence represented by SEQ 
ID NO: 1, into contact with copper ions, calcium ions, or 
magnesium ions, or a substance providing copper ions, a 
substance providing calcium ions, or a substance 
10 providing magnesium ions. 

2. The process according to Claim 1, wherein the 
substance providing copper ions is copper, copper sulfate, 
copper bromide, copper fluoride, copper oxalate, copper 

15 chloride, copper formate, copper acetate, or copper 
sulfide . 

3. The process according to Claim 2, wherein the 
substance providing copper ions is copper sulfate. 

20 

4. The process according to Claim 1, wherein the 
substance providing calcium ions is calcium, calcium 
sulfate, calcium acetate, calcium nitrate, calcium 
formate, or calcium chloride. 



5 . 

substance 



The process according to Claim 4, 
providing calcium ions is calcium 



wherein the 
chloride . 
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6. The process according to Claim 1, wherein the 
substance providing magnesium ions is magnesium, 
magnesium sulfate, magnesium acetate, magnesium nitrate, 

5 magnesium formate, or magnesium chloride. 

7. The process according to Claim 6, wherein the 
substance providing the magnesium ion is magnesium 
sulfate . 

10 

8. A process according to Claim 1, wherein the 
activity of the activated polypeptide is activity in 
suppressing cell differentiation. 



15 9. A process for producing an active polypeptide, 

characterized by bringing a purified polypeptide having 
an amino acid sequence identical or substantially 
identical to the amino acid sequence represented by SEQ 
ID NO: 1 into contact with copper ions, calcium ions, or 

20 magnesium ions, or a substance providing copper ions, a 
substance providing calcium ions, or a substance 
providing magnesium ions. 



10. A polypeptide, or an amide thereof, or an ester 
25 thereof, or a salt thereof, which has been activated by 
means of the activating process according to Claim 1. 
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The present invention relates to a process for 
activating a purified polypeptide, characterized by 

5 bringing the purified polypeptide having an amino acid 
sequence identical or substantially identical to the 
amino acid sequence represented by SEQ ID NO: 1 into 
contact with copper ions, calcium ions or magnesium ions, 
or a substance providing copper ions, a substance 

10 providing calcium ions, or a substance providing 
magnesium ions. 

The methods for activation or manufacturing of the 
present invention enable the inexpensive mass production 
of active MPIF-1A23 which protects myeloid stem cells 

15 from chemotherapeutic drugs and permits rapid recovery 
from leukopenia, which is a limiting factor in the 
administration of anti-tumor agents. 
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ACTIVATION THROUGH REMOVAL OF Met 
(SUPPRESSING ACTIVITY IN MOUSE MYELOID CELL DIFFERENTIATION) 




ACTIVATION THROUGH REMOVAL OF Met 
(THP-1 CELL Ca RECRUITMENT ACTIVITY) 
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ACTIVATION WITH CALCIUM CHLORIDE, MAGNESIUM SULFATE, AND COPPER SULFATE 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: My residence, post office address and citizenship 
are as stated below next to my name. I believe I am the original, first and sole inventor (if only one name is 
listed at 201) below or an original, first and joint inventor (if plural names are listed at 201-208 below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: 

Process for Producing Activated Protein 



which is described and claimed in: 

□ the specification attached hereto. 

\E the specification in U.S. Application Serial Numher flQ / RfiQ T Q01 , filed on 

July 6. 2001 

the specification in PCT international application Number __ , filed 

on and was amended on . 

- 1 hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. I acknowledge the duty to disclose 
information which is material to the examination of this application in accordance with Title 37, Code of 
Federal Regulations, § 1.56(a). I hereby claim foreign priority benefits under Title 35, United States Code, 
§119 of any foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed. 



Prior Foreign/PCT Applications and Any Priority Claims Under 35 U.S.C. §119: 


Application No. 


Filing Date 


Country 


Priority Claimed 
Under 35 
U.S.C. §119? 










001 840/1 999 


January 7, 1999 


JP 


X 


004426/1999 


January 11, 1999 


JP 


X 
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PATENT TRADEMARK OFFICE 



* BRONSTEIN, ROBERTS & CUSHMAN, LLP 

Intellectual Property Practice Group of 
EDWARDS & ANGELL, LLP 
P.O. Box 9169 

Boston, Massachusetts 02209 



I hereby claim the benefit under 35 U.S.C. §120 of any United States application (s) or PCT 
international application(s) designating the United States of America that is/are listed below, and, insofar as 
the subject matter of each of the claims of this application is not disclosed in that/ those prior application(s) 
in the manner provided by the first paragraph of 35 U.S.C. §112, I acknowledge the duty to disclose material 
information as defined in 37 CFR § 1.56(a) which occurred between the filing date of the prior application(s) 
and the national or PCT international filing date of this application: 



Prior U.S. Applications or PCT International Applications Designating the U.S-Benefit Under 35 

U.S.C. §120 


U.S. Applications 


Status (Check One) 


Application Serial No. 


U.S. Filing Date 


Patented 


Pending 


Abandoned 
































PCT Applications Designating the U.S. 




Application No. 


Filing Date 


U.S. Serial No. Assigned 








PCT/JP00/00024 


06 January 2000 




Published 































CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATION(S) 
(35 U.S.C. §119(e)) 



I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States provisional 
application(s) listed below: 



Applicant 


Provisional Application Number 


Filing Date 















POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) with full powers of 
association, substitution and revocation to prosecute this application and transact all business in the Patent 
and Trademark Office connected therewith. 

Sewall P. Bronstein (Reg. No._16JJJlS!, Peter F. Corless (Reg. No^jaSGQ), Richard E. Gamache (Reg. j^jjyjgl. 



vid G. Conlin (Reg. No_Z7.,026) 

J_^/George W. Neuner (Reg. Nty^afcA), 

Linda M. Buckley (Reg. No. 31 ,£03) 

Peter J. Manus (Reg. NoT26,766j 



(Re 

William J. Daley, Jr. (Reg. 
Robert L. Buchanan (Reg. 
Christine C. ODay (Reg. 



SEND CORRESPONDENCE TO: 


DIRECT TELEPHONE CALLS TO: 


David, Conlin^ 




Dike.,_Bronstem, Roberts 8s Cushman, LLP 




1.30 Water_Street 




Boston. Massachu§e.tts_02 1 0_9_ 


(617) 523-3400 
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RESIDENCE &* 
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Osaka 
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Japan c ^yl A 
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ADDRESS 
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SEQUENCE LISTING 
<110> Takeda Chemical Industries, Ltd. 
<120> Method for Production of an Activated Protein 
<130> 2587WO0P 
<150> JP 11-001840 
<151> 1999-01-07 
<150> JP 11-004426 
<151> 3999-01-11 
<160> 4 
<210> 1 
<211> 77 
<212> PRT 
<213> Human 
<400> 1 

Met Asp Arg Phe His Ala Thr Ser Ala Asp Cys Cys He Ser Tyr Thr 

15 10 15 

Pro Arg Ser lie Pro Cys Ser Leu Leu Glu Ser Tyr Phe Glu Thr Asn 

20 25 30 

Ser Glu Cys Ser Lys Pro Gly Val He Phe Leu Thr Lys Lys Gly Arg 

35 40 < 45 

Arg Phe Cys Ala Asn Pro Ser Asp Lys Gin Val Gin Val Cys Met Arg 

50 55 60 

Met Leu Lys Leu Asp Thr Arg He Lys Thr Arg Lys Asn 
65 70 75 

<210> 2 
<211> 33 
<212> DNA 
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<213> Art i f icial Sequence 
<220> 

<223> primer 
<400> 2 

CATATGCGGG TCACAAAAGA TGCAGAGACA GAG 33 
<210> 3 
<21i> 33 
<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> primer 
<400> 3 

CATATGGGAC AGATTCCATG CTACTAGTGC TGA 33 
<210> 4 
<211> 33 
<212> DNA 

<213> Arti f icial Sequence 
<220> 

<223> primer 
<400> 4 

CATATGCGGG TCACAAAAGA TGCAGAGACA GAG 33 



